Abstract
INTRODUCTION
Low back pain (LBP) is a common problem in ballroom dancers (Garrick and Requa, 1993; Solomon et al., 1999) . About 23% of all injuries in dancers in the United States, is a low back pain (Smith, 2009 ; Beckmann-Kline et al., 2013). Due to specific body position, overload of the lower spine is more common in standard dancers than in latin dancers. Often repeated and long-lasting extension and rotation of the lower spine during trainings and competitions can produce overload of muscles, ligaments, articular capsules and spinal conjunctions (Opila et al., 1988; Panjabi, 2006; Bolin, 2001 ). Altered activation pattern of the deep abdominal muscles such as transversus abdominis or multifidus can enhance the problem (Holm et al., 2002; Richardson, 1996, Roussel et al., 2013) . These muscles are responsible for maintenance of the neutral zone of spinal joints, providing segmental stability of the lumbar vertebrae (Panjabi, 2003) .
Low back pain in dancers can occur as a consequence of frequent and sustained asymmetrical body positions (Smith, 2009 ). Moreover, permanent extension and lateral bend of the spine to the left side is associated with reduction of intervertebral spaces around the spinal nerves. Appearance of pain or just fear of pain can lead to the segmental control disturbances and decreases stability of the lumbopelvic-hip complex (Hodges and Richardson, 1996) .
Experimental research addressing low back pain in dancers is not very common (Roussel et al., 2013; Hagins, 2011) . Nevertheless, findings related to the LBP in the general population may be applied to the dancer population (Hagins, 2011) . One of the most effective management in nonradicular low back pain is the stabilising exercises (Fritz et al., 2007) . This approach promote low-load recruitment of the deep abdominal muscles such as the transversus abdominis and the lumbar multifidus muscles (Phillips, 2005) .
There is a lack of research considered the usefulness of the stability regimen among ballroom dancers with LBP. Therefore, the purpose of the study was to evaluate the effectiveness of stability exercises for the lumbo-pelvic-hip complex in reducing low back pain in ballroom dancers.
MATERIAL AND METHODS
The studies were carried out in accordance with the Declaration of Helsinki. Participants and their parents obtained written information about the research. They were also verbally instructed about the goal and procedure of the investigation. Each participant (or their parents) signed informed consent form.
18 female and 12 male dancers at the age of 13-27 ( x -mean;  -standard deviation; min-max -minimal and maximal value; BMI -Body Mass Index.
Dancers were randomly assigned to an experimental or control group. Randomisation was performed with the use of a computer algorithm. Results of randomisation are rendered in Table 2 and 3. Individuals from the experimental group carried on the stability exercise programme besides the conventional dance training. Dancers from the control group continued only the standard dance training programme without any modification. x -mean;  -standard deviation; min-max -minimal and maximal value; BMI -Body Mass Index x -mean;  -standard deviation; min-max -minimal and maximal value; BMI -Body Mass Index
The experiment was preceded by strength measurements of the lumbar deep stabilisers, such as transversus abdominis and multifidus muscles. The data were collected in supine and in prone position. In supine position, the biofeedback pressure unit (PBU) was placed under the lumbar spine, 1-2cm above the posterior superior iliac spines. During the breathe-out phase of respiration, the subject was asked to draw in their abdomen (abdominal drawing-in manoeuvre -ADIM). Changes of the initial pressure value (40mm Hg) were noticed. In prone position, the initial pressure in the PBU was equal 70mm Hg. Participants repeated the ADIM with the PBU under the lower part of the abdomen. Pressure differences between the relaxed posture and after the ADIM were registered. The measurement was repeated three times in both positions to allow extraction of the mean value for the following analysis. The results were recorded with 1mm Hg accuracy. Subjects were instructed to avoid additional movements of the thorax and pelvis while breathing normally during tests with PBU (Costa et al., 2006) . Each participant had one trial test before collecting the data.
Stability exercise programme was eclectically based on the several training propositions reported by Richardson and Jull (1995) , Richardson (1996, 1998 Stability exercise sessions were carried on three times a week for 40 to 50 minutes. The training was conducted in three stages (Table 4) , according to Fitts and Posner description of the motor learning process (ShumwayCook and Woollacott, 1995). In the beginning, the practice included exercises in low load and static positions to achieve local stabilisers co-contraction without global muscles substitution. During following trainings, higher attitudes and more dynamic tasks were applied for re-education of the local muscles activity with maintenance of neutral lumbar spine. The third stage of stability trainings was directed to produce automatically co-contraction of transversus abdominis and multifidus muscles during functional challenges and dance (for details, see Table 4 ). Depending on the exercise, 20 to 30 repetitions of isometric contraction for 4-8 seconds were performed (excluding the third stage of training). There was a 5 second break between repetitions and 1 minute pause before proceeding to the next exercise. During the last week of training, analogous proportions was kept: 5 second pause interrupting following repetitions of the same exercise and 1 minute rest before the next challenge.
Low back pain intensity was estimated individually by Numerical Pain Rating Scale (NPRS) from 0 (no pain) to 10 (the worst pain imaginable). The NPRS is valid, reliable, sensitive and responsive to change (Ferreira-Valente, 2011). ADIM -abdominal drawing-in manoeuvre; DF -dance frame * Dance frame means the specific position of dancers' arms for ballroom dancing (Jarmolov and Selck, 2011)
After six weeks of regular trainings, deep muscles strength tests were repeated. Also pain level was quantified again in both, experimental and control group. The data were analysed using the STATISTICA, version 8.0. Minimal and maximal values, and standard deviations for every measure were established. The Mann-Whitney's U-test was used for intergroup differences and the Wilcoxon's test for intragroup differences. The level for statistical significance was set at 0.05 for each analysis.
RESULTS
Six weeks of regular trainings resulted in decreasing of low back pain complaints in both groups. Differences in pain intensity between baseline and the final measurements were significant only in the experimental group (p = 0.0014). Table 5 shows the NPRS results for experimental and control group. At the baseline, considered groups were homogeneous as to the severity of the symptoms. x -mean;  -standard deviation * p-value for differences between initial and final test Significant increase in deep muscles strength measures was observed in both, prone and supine position. Table 6 shows the results of deep muscles strength test using the biofeedback pressure unit. x -mean;  -standard deviation * p-value for differences between initial and final test Analysed groups were homogeneous in the PBU examination during the initial tests. Intergroup differences were significant only for the final measurements of the strength of stabilisers both in prone (p=0.0052) and in supine (p=0.00061). The other intergroup differences were statistically insignificant (p > 0.05).
DISCUSSION
Our research shows significant decrease in low back pain among dancers participating in the stability exercise programme compared to the controls. Moreover, pronounced improvement of deep muscles strength in the experimental group was observed. The study confirms usefulness of stability exercises for low back pain management and prevention in ballroom dancers.
Collected results correspond to investigations on low back pain in people who are not dancers and who are not involved in sports at all. According to Panjabi (1992) , Cholewicki and McGill (1996) , and GardnerMorse (1995), insufficient coordination of muscles surrounding the spine and deep muscles weakness can lead to low back disorders. Smith (2009) emphasises that the fully extended position of the lumbar spine is a component of dance aesthetics. Unfortunately, sustained or repetitive activity at the end range of extension can produce structural instability of the spine such as spondylolysis and following spondylolisthesis as a consequence of the excessive extension loading and fractures through the pars interarticularis of the vertebrae. Smith (2009) notes that in an extended position, especially with lumbar rotation, the risk of facet joints injuries increases due to large compression of the articular surfaces and transduction of forces from the intervertebral disc to the facet joints in their closedpacked position. Kokosz et al. (2012) states there is a strong correlation between low back pain appearance and the impairment of kinaesthetic differentiation, and strength of deep stabilising muscles. This outcome corresponds with the reports of the effect of nociceptive stimulation, especially chronic, on motor abilities of muscles in the painful area (Nijs et al., 2012) . Malfunction of active control of the neutral zone and overload of the passive spinal structures, i.e. articular cartilage, capsule and capsular ligaments, can occur as a result of mentioned mechanisms (Panjabi, 2003) .
The efficacy of stability training in low back pain among dancers was considered by Beckman-Kline et al. (2013) . However, in this research authors used different exercises, based on concentric and eccentric isotonic activities rather than isometric muscles contraction. Ballet dancers with current or previous lumbar pain or radiculopathy in the lower extremity were observed. Measurements and test were conducted at the beginning of the study, after three weeks and after six weeks of stability training implementation. The authors found improvement in strength, function, pain, sciatic nerve irritation and ballet performance in all the participants. This inquiry supports usefulness of stability exercises, using unstable equipment and plank positions in decreasing low back pain complaints and suggests that described type of muscle training can be widely applied, not only as an analgesic management but also for enhancing motor performance.
Furthermore, stability exercises in dance should not be interpreted as a simple muscles strengthening. Phillips (2005) emphasises the complexity and longterm efficiency of stability training as a result of motor programmes learning for achieving better overall performance and long-term benefits due to strong skill acquisition.
Limitations and Future Research
The study concerned only subjects with relatively low intensity of lumbar pain, in early stage of overload symptoms.
Short time of this study allowed the researcher to see trends in process of providing effective lumbar stability in connection to its analgesic influence (Beckmann-Kline et al., 2013). Although prolonged observations are needed to analyse long-term neuromuscular efficacy, six weeks seemed to be sufficient for estimating current dance performance.
Future research comparing different trainings used to improve low back pain in ballroom dancers, e.g. Pilates system or general exercises in opposite to the stability exercises are needed.
Stability exercises for lumbo-pelvic-hip complex are effective for reducing low back pain in ballroom dancers. Training of lumbar stabilisers improves the strength of local muscles such as transversus abdominis and multifidus. Stability training can be used as analgesic management of low back pain among ballroom dancers.
CONCLUSION
